Several reports concerning the toxic effects on pigs of feeds naturally or experimentally contaminated with aflatoxins, metabolites of AspergiLLm Jlavwl6, have been publishedl-33 5-8,12. A British group 35$ has reported the results of inclusion of small to moderate amounts of aflatoxin in the feed of pigs during their growth from 40 to 200 lb live weight. They concluded that concentrations of 280 and 410 parts per billion @pb) of affatoxin B1 in the feed significantly depressed rate of growth and efficiency of feed conversion, primarily in the 40-140 lb live-weight range. Microscopic lesions were minimal except in pigs receiving 410 ppb of aflatoxin B1. This paper presents the pathologic findings in a study designed to determine the effects of low to moderate levels of aflatoxin, primarily BI, in growing pigs from weanling to market-weight age. The results differ in several important respects from those previously reported. The effect on gain in weight and efficiency of feed conversion in the pigs has been reported by HINTZ et a].*.
Materials and Methods
Two consecutive trials were made on a total of 108 Duroc-Jersey pigs. Trial I consisted of 6 groups, 5 containing 10 pigs each (6 barrows and 4 gilts) and 1 containing 8 pigs (6 barrows and 2 gilts). Beginning at 12 to 14 weeks of age the pigs were fed a peanut-meal ration containing ( 2 , <8,51,105, or 233 ppb aflatoxin Bl for about 107 days. A control group was fed a ration in which soybean meal was substituted for the peanut meal. Trial I1 consisted of 5 groups of 10 pigs each (6 barrows and 4 gilts). Pigs were 13 to 14 weeks of age at the beginning of the trial and were fed a peanut-meal GAGNE/DUNGWORTH/MOULTON 371 ration containing (6, 450, 615, or 810 ppb Bi for 117 days. The control group was fed a soybean-meal ration. In both trials rations containing aflatoxin B1 also contained minor amounts of aflatoxins Bz and GI.
Details regarding composition and formulation of the ration and the assay for aflatoxin have been reported previouslys.
Body weights and food consumption were recorded weekly for each group of pigs, and the rate of gain in weight and efficiency of feed conversion were cdculated. Blood was collected at various intervals for determination of the following: total and differential cell count; hemoglobin; cholesterol; total serum protein, albumin, globulin and A/G ratio; non-protein nitrogen (NPN) ; blood urea nitrogen (BUN) ; E 2 6 0 (pyridine nucleotides) ; serum glutamic-oxaloacetic (SGOT) and glutamic-pyruvic transaminase (SGPT) ; alkaline phosphatase; isocitric dehydrogenase; and malic dehydrogenase.
At the end of each trial the pigs were killed by captive bolt pistol. Samples of liver were collected and analyzed for glutamic-oxaloacetic transaminase, alkaline phosphatase, isocitric and malic dehydrogenases, glycogen, lipid, and vitamin A. Details of methods employed and results of hematological and biochemical observations will be reported elsewhere.
Complete necropsies were performed and samples of all organs and tissues were collected in buffered 10% neutral formalin. Portions were taken from each lobe of the liver. The liver, kidneys, heart, spleen, adrenals, and thyroid were weighed. All tissues from Trial I1 and those from the control and 233 ppb groups of Trial I were examined histologically. Sections were stained by hematoxylin and eosin (H & E). Representative sections from livers were also stained by Masson's trichrome and Gordon and Sweet's reticulin stains ; frozen sections were stained with oil red 0.
Results

Trial I
Biochemical abnormalities were detected in the group of pigs fed 233 ppb aflatoxin B1 for 107 days*. Serum alkaline phosphatase was increased and SGOT fluctuated above and below the normal range in an irregular manner. BUN, NPN, and plasma E260 were slightly decreased. Gain in weight and efficiency of feed conversion were not affected*. There was no macroscopic lesion and no significant histologic difference between tissues of the 233 ppb and control groups.
Trial I1
Clinical and Biochemical Results
, Rations containing 450ppb aAatoxin B1 did not affect significantly gain in weight or efficiency of feed conversion during the 117-*unpublished data
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day trial. Rations containing 615 ppb caused slightly less gain in weight, and those containing 810 ppb produced decreased efficiency of feed conversion and much lesser gain in weights. One pig of the 450 ppb group died on the 93rd day of causes unrelated to feeding of aflatoxin. A pig of the 810 ppb group died on the 110th day because of hepatic insufficiency produced by the aflatoxin.
The biochemical and hematological results will be published in detail elsewhere but are briefly summarized as follows. Serum alkaline phosphatase was elevated in the 450, 615, and 810 ppb groups and SGOT was significantly elevated in the 615ppb group. SGPT and malic dehydrogenase remained unchanged. Serum isocitric dehydrogenase was elevated in the 450 and 810 ppb groups. Total serum protein was essentially constant and globulin increased in the 450, 615, and 810 ppb groups. Serum albumin and the A/G ratio were significantly decreased in the 810 ppb group. Blood NPN and BUN were below normal in the 615 ppb group. Ezm was decreased in the 450 and 615 ppb pigs. Cholesterol was not significantly altered and hemoglobin and blood-cell deviations were minimal.
Hepatic lipid, glycogen, and vitamin A decreased in proportion to the degree of cellular damage as determined at subsequent histological examination. Hepatic alkaline phosphatase and glutamic-oxaloacetic transaminase were not significantly altered. Isocitric dehydrogenase was decreased in the 450 and 810 ppb groups but did not correlate well with the dosage of aflatoxin or extent of hepatocellular damage. Hepatic malic dehydrogenase remained unchanged.
Macroscopic Lesions
Livers in pigs of the 450, 615, and 810 ppb aflatoxin B1 groups were significantly heavier than controls; kidneys of the 810 ppb group appeared to be heavier than the control and other affatoxin group (Table I ). The differences in renal weights were not statistically significant.
Lesions directly attributable to aflatoxin occurred only in pigs of the 615 and SlOppb groups, and primarily involved the livers. Although livers of pigs in the 450 ppb group were heavier than controls, they were otherwise not grossly abnormal, Livers of three pigs in the 615 ppb group and 6 in the 810 ppb group were severely 
Liver, nodules
Liver, increased firmness, with accentuated -
* 10 per group except as shown.
affected. They ranged from pale-yellow to tan and had increased resistance to cutting. The more severely affected livers had accentuated lobular patterns and a fine superficial granularity. Table I1 summarizes the frequency and nature of macroscopic lesions. Changes were generally more apparent in livers of the 810 ppb group. Two of the most severely affected in this group also had edema of the gall bladder and a few pale nodules up to 0.5 cm in diameter randomly distributed throughout the hepatic parenchyma.
The one pig that died (810 ppb) had icterus, severe gastrointestinal hemorrhage, and a substantial accumulation of bloodstained fluid in all body cavities. Mild gastric hemorrhage occurred in another pig of this same group. 
LL t t t t t Severity of lesion
F<q. 1. Relationship between severity of lesion and dosage of aflatoxin.
Microscopic Lesions
There was no significant lesion in the soybean-and peanut-meal ( ( 6 ppb) control groups. Lesions were limited to the liver in the 450 and 615 ppb group, and occurred in the liver and, to a considerably lesser extent, in the kidneys of the 810 ppb group. There was overlap of severity of hepatic damage produced by different levels of aflatoxin and a trend to increased severity with increased dosage (Fig. 1 ).
Hepatic lesions were graded in severity from negative to 3 +, according to criteria described below. Livers were placed in the & category when their deviation from normal towards the 1+ lesions was uncertain.
The first clearly detectable hepatic lesions (1 + severity) consisted primarily of irregularity in size, shape, and staining characteristics of the hepatocytes. The most prominent features were enlargement, pallor, and lack of cytoplasmic homogeneity. There was no consistent zonal pattern, although megalocytosis occurred most often in periportal and midzonal regions. A wide spectrum of cytoplasmic degenerative changes, irregularly distributed in cells of all sizes, produced a variegated pattern. The cytoplasm ranged from a finely granular or homogeneous substance, through varying degrees of coarseness to formation of discrete hyaline bodies (Fig. 2 ). Condensation of cytoplasm toward the center of cells occurred frequently, leaving clear peripheral zones. The number of nuclei approaching the maximum size within normal range was increased. Prominent karyomegaly (up to 38 p diameter) was less common and appeared in an average of less (Fig. 3) . The karyomegaly was randomly distributed in periportal and midzonal regions; there was no uniform relationship between nuclear size and cell size.
A few necrotic hepatocytes were in most lobules. Occasional mitotic figures occurred either at the periphery of lobules or, in a few livers, in discrete foci of smaller, more normal cells with coarse basophilic cytoplasm.
Slight proliferation of bile ductules and minimal fibrosis occurred in most livers of the 1 + group. At widespread intervals delicate strands or clusters of bile ductules, usually without lumina, extended short distances from the interlobular septa. Fibrosis appeared initially as small groups of reticulin and collagen fibers, usually accompanying bile ductules and extended from the interlobular septa towards central veins. In a few instances there were centrilobular and midzonal foci of reticulin and collagen fibers (Fig. 4) . These early stages of fibrosis were most easily detected with Gordon and Sweet's reticulin stain. More extensive fibrosis resulted in lacy networks of branching fibers within lobules and eventual partial lobular subdivision by slender collagenous strands coursing from interlobular septa to central veins. Examination of frozen sections stained with oil red 0 revealed no evidence of lipidosis (fatty change) in the 1 + livers.
The 2 + lesions (1 liver of the 810 ppb group) were an accentuation of those seen in the l + group. The lobular architecture was partially obscured by extensive subdivision with bile ductules and immature fibrous tissues ( Fig. 5 ). Hepatocytes were separated from each other or divided into clusters of varying sizes. The most dense aggregates of ductular epithelium and fibrous tissue were either midzonal or around central veins. It remained possible in most instances to distinguish pre-existing interlobular septa, which were usually little effected by fibrosis.
Hepatocellular and nuclear changes were comparable to the 1 + lesions but more pronounced and involved all the parenchyma. Small nodular regenerative foci containing an average of 1 to 2 mitotic figures occurred in some lobules. Foci consisting of swollen, pale hepatocytes with lipidosis ( Fig. 6) , and occasionally early fatty-cyst formation were common. In addition, there was a widespread, irregular lipidosis consisting of clusters of small cytoplasmic droplets detectable only by a special fat stain. A few hepatocytes and Kupffer cells con- 
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tained minute amounts of bile pigment but there was no detectable bile stasis in canaliculi.
Of the 2 livers in the 3 + category, both from pigs in the 810 ppb group, the liver of the pig that died after 93 days of feeding of aflatoxin was more severely effected than that of the pig that was killed at the end of the 117'-day trial. Its cellular detail was somewhat obscured by post-mortem changes. A comparison of these livers with those less severely altered revealed that apart from more extensive bile ductular proliferation and fibrosis (Fig. 7) , the major feature was a centrilobular loss of hepatocytes within many lobules (Fig. 8) . Centrally lobules were. devoid of hepatocytes and occupied by rich plexuses of small vascular channels with moderately thick fibrous walls and a sprinkling of lymphocytes, plasma cells, and an occasional eosinophil. Around the central zones were prominent, irregular, narrow collars of tubular structures formed by hypertrophic basophilic epithelial cells. Many were newly formed bile ductules but some were transitional forms between bile ducts and tubular arrangements of hepatocytes (Fig. 9 ). The latter had associated bile-containing canaliculi. Bile pigment also occurred in some tubular lumina and in Kupffer cells. The periphery of most lobules consisted of residual hepatocytes interspersed by fibrous tissue. Some cell groups formed duct-like or acinar type structures. The cytoplasm of these hepatocytes was pale and swollen, and many contained large lipid vacuoles. Distinct foci of regenerating hepatocytes were in many lobules. Usually they were large enough to distort lobular architecture but were still contained within a recognizable lobule. In the smaller foci, cells were basophilic and arranged in groups or tubular structures. Sometimes regenerating cells were more atypical by virtue of their larger size and enlarged, hyperchromatic nuclei. In larger foci accumulation of bile became extremely prominent within hepatocytes and Kupffer cells; there was also mild lipidosis. The more severely affected liver in this category had a slightly greater number of macroscopically visible regenerative nodules (up to 0.5 cm diameter). The component cells had severe lipidosis and irregular accumulation of bile pigments.
Kidneys of 3 pigs in the 810 ppb aflatoxin B1 group had a significant degree of enlargement of cell bodies and nuclei of some tubular epithelial cells. Proximal convoluted tubules were primarily involved. Scattered epithelial cells of tubules in other kidneys of the 810ppb group were also enlarged but similar changes were seen in the other aflatoxin groups and in controls. Gordon & Sweet reticdin, x 120.
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Discussion
The mildest detectable histologic hepatic lesions in this study were parenchymal anisocytosis, karyomegaly, and a variety of cytoplasmic degenerative processes. These findings contrast with those reported previously for aflatoxicosis in pigs19 61 7 y 9 in that vacuolation or lipidosis (steatosis) did not occur in the mildest lesions. Results of this study were confirmed by assay for lipids in livers from Trial I1 pigs. That all pigs were killed after 107 or 117 days of feeding aflatoxin may account in part for this discrepancy. There is evidence that hepatic lipidosis is more severe in pigs7 and chickens4 in early stages of damage. We are unable to comment profitably on whether there might have been lipid in the livers early in the trials. The detection of slightly increased amounts of lipid in livers of Trial I pigs indicates that this is apossibility. However, concentration of aflatoxin and duration of lesions are not necessarily the only reasons for observed differences because in trials reported by DUTHIE et a1.6 where pigs were fed aflatoxin B1 in comparable quantities for approximately 150 days, hepatic cell vacuolation (presumably lipidosis) was found to be the earliest detectable lesion. The pathologic effect of aflatoxin at low levels can obviously be modified to some extent by other factors, the most important being composition of basal diet, dietary regimen, and breed of pig. The modifying effects of dietary constituents have been demonstrated by NEWBERNE et al.11 who showed that supplements of arginine and lysine increased sensitivity to aflatoxin in Pekin ducklings.
Proliferation of ductular cells and reticulin and collagenous fibers occurred subsequent to parenchymal cell changes, including megalocytosis and karyomegaly. We cannot, therefore, confirm the interpretation by HARDING et al.7 that karyomegaly is a later change than lipidosis and proliferation of ductule and fibrous tissue. The difference, at least in part, no doubt reflects the inability to make strict comparisons between experiments in which there are differences in many variables, especially since the feed used by HARDING et al.7 was more toxic, although its content of aflatoxin B1 was undetermined. Our impression, based on light microscopic evidence, is that initial ultrastructural abnormalities would involve particularly the nucleoli, endoplasmic reticulum, and mitochondria as suggested by studies in rats and monkeys by SVOBODA et a1.u and i n ducklings by THER0Nl4.
The most severe lesions (3 +) were similar to those described by LOOSMORE and HARDING~ and HARDING et d7. The prominent fibro- vascular centriiobular zones with surrounding collars of ducts and duct-like structures transitional between bile ducts and hepatic parenchyma have also been reported in rats and ducklingslo. Although central veins were sometimes compromised by fibrous tissue, a true veno-occlusive lesion was not seen. No hepatoma was found, and in fact, the trial was too short to have expected them. In view of the similarity between lesions observed in the most severely affected livers and those preceding tumor development in other spzcies such as rats10, it is probable that hepatomas would have developed eventually.
According to CARNAGHAN and CRAWFORD?, NINARD and HTNTERMAN implicated aflatoxin in the production of hepatic carcinomas in pigs.
Low thyroid to body-weight ratios have been reported in swine7 on moderately high levels of afatoxin-contaminated feed. No such effect was noted in these studies with up to 810 ppb aflatoxin B1. DUTHIE et a1.6 in their trials of feeding aflatoxin to pigs from 40 to 200 lb live weight during an approximate 150-day period, described histologic lesions, namely, vacuolation of hepatocytes in pigs fed as little as 2 ppb aflatoxin B1. Since pigs fed this quantity constituted their control group, it is not certain that the lesions were in fact attributable to the aflatoxin. They also found that 280 and 410ppb aflatoxin B1 in the feed significantly reduced rate of growth and eficiency of feed conversion, mainly in pigs in the 40 to 140 lb liveweight range. In addition, they developed regression equations for the calculation of the effect of known levels of aflatoxin B1 on the rate of growth and efficiency of feed conversion, but acknowledged that the assumption of similar responses to aflatoxin under situations involving different dietary, management, and breed factors might not hold true. The results of our work and a report by BODNAR et al.1 show this to be the case. Diets in our trial containing up to 450 ppb aflatoxin B1 did not significantly affect gains in weight or efficiency of feed conversion during a 107to 117-day growing and finishing period.
BODNAR and co-workers1 established that 400 ppb or more aflatoxin in the ration decreased feed conversion efficiency during a 166-day trial. They did not detect lesions, however, in pigs receiving 100-800 ppb aflatoxin, whereas we found histologic lesions at the 450 ppb level.
Jamma9
Rations containing up to 810 ppb aflatoxin B1 were fed to 3-month-old pigs for 107 to 117 days. Biochemical abnormalities indicative of hepatocellular damage occurred in pigs receiving 233 ppb or more aflatoxin BI. Slightly decreased gain in weight was detected in pigs fed 615 ppb aflatoxin BI, and 810 ppb resulted in reduction in efficiency of feed conversion and greatly decreased gain in weight.
The livers of some pigs in the 615 and 810 ppb groups were pale yellow to tan, with increased resistance to cutting and a fine superficial granularity. Histologic lesions occurred in livers of some pigs in the 450 ppb group and in most livers of pigs in higher dosage groups. Mild changes included karyomegaly, cytoplasmic degeneration, and proliferation of bile ductules and fibrous tissue. Hepatocellular alignment into tubular structures and development of centrilobular vascular plexuses occurred in a few livers of the 810 ppb group. Only the most severely affected livers had lipidosis. There was no neoplasia, 
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